The aim of this study was to investigate the developmental mechanisms of infantile hemangioma (IH) from the microRNA level.
Background
IH is the most common soft tissue neoplasm in infants and young children. The morbidity in European populations as about 10% and is about 1% in Asian neonates, and its sex ratio is about 1: 3 (male to female) [1] . This disease usually occurs within 1-2 weeks after birth, which then rapidly enters the proliferative period and shows rapid tumor growth within a few weeks or months; most of the tumors spontaneously degrade without any treatment, and about 10% of the children have no significant skin residual change. However, it is generally believed that children with IH regressing after the age of 6 years old have greatly increased likelihood of having scars and other skin lesions. About 20% of IH cases need clinical treatment due to its significant growth or invasion, which thus affects normal physiological functions or even threatens the lives of infants and young children [2] [3] [4] [5] . Because 80% of IH affects the head and neck, early intervention is important. Clinical treatments of IH vary, but they all have some level of risks and defects [6] [7] [8] . Because the pathogenesis and regression mechanism of IH are unknown, invalid cases also exist in various treatment methods, and there is a lack effective risk assessment indicators for IH. Some over-treatment and blind treatment still occurs, so it is necessary to further study the mechanisms of the occurrence and development of IH to more effectively guide clinical treatment.
Recent studies have suggested that the regression of IH may be related to the roles of mesenchymal stem cells, as well as to cell transformation to some extent, but there is no final conclusion yet [9] [10] [11] [12] [13] [14] . The specific pathogenesis of IH is unknown; therefore, further research is needed to explore the mechanisms and to determine during which periods the regulation of microRNA occur, as an important regulator of posttranscriptional regulation in IH.
MicroRNA (miRNA) is a small RNA family member with about 20 nucleotides that can partially or completely recognize the specific target mRNA, completely degrade mRNA, or only inhibit the mRNA expression at the transcriptional level, thus completely silencing or inhibiting the formation of target protein(s). miR-424 can inhibit the expressions of MEK1 and Cyclin E1 through affecting their signaling pathways, and the low level of miR-424 in senile hemangioma is likely to contribute to the abnormal proliferation of endothelial cells through this signaling pathway [15] . In the present pre-experiment, our bioinformatics analysis showed that miR-206a, miR-29a, and miR-455 have important roles in IH expression. Whether the change in miRNAs activity plays a role in the course of IH is unclear. To test our hypothesis, we explored the expressions of miRNAs specifically related to the pathogenesis of IH. We also performed RT-PCR and confirmed that miRNAs were differently expressed in the proliferative period and regression period of IH. Furthermore, the endothelial cells of IH were further isolated and we transfected specific miRNAs to study the important roles of these miRNAs.
Material and Methods

Biological samples
The 63 IH biological samples were provided by the biological sample library, First Affiliated Hospital of Jinzhou Medical University, which were enrolled from January 2014 to August 2015. All the samples were confirmed by pathology, including 26 cases in the proliferative period, 21 cases in the regression period, and 16 cases in the complete regression period. All the samples were obtained with signed informed consent and approval from the Ethics Committee of the First Affiliated Hospital of Jinzhou Medical University.
RT-PCR
The cryopreserved tissue samples were removed and added into Trizol reagent (Invitrogen, USA, 100 mg of tissue/1 ml), followed by grinding in liquid nitrogen and extracting the total RNA by phenol-chloroform extraction. The total RNA was then analyzed using 1% agarose gel electrophoresis to evaluate its quality. The qualified RNA was then sequenced and quantitatively analyzed by TaKaRa to compare the expression levels of miR-206, miR-455, and miR-29a in the 2 different tissues. The design and synthesis of the primers for miR-206, miR-455, miR-29a, and U6 were performed by TaKaRa (Japan).
Magnetic bead sorting
The in vitro IH samples were rinsed twice in cold PBS (Sigma, USA) and then transferred into collagenase II (Sigma, USA)-containing EP tubes, followed by 40-min incubation at 37°C, digestion, filtration through a 200-mesh cell filter, and 3-min centrifugation (2000 rpm). After the supernatant was discarded, 60 μl of EGM-2 serum-free medium (PromoCell, USA) was added to resuspend the cells, then 20 µl of Immunoglobulin Fc receptor inhibitor was added and vortexed evenly, followed by adding 20 μl of CD31-conjugated magnetic beads for magnetic bead sorting after 30-min agitation. The eluent collected from the column was regarded as the CD31-positive cells (Hem EC).
Endocytosis test
The Hem EC was cultured in 6-well plates, and the culture medium in the 6-well plates was then removed. After washing 3 times with PBS, EGM-2MV/20% FBS culture medium-diluted 10 μg/ml Dil (Life Technologies, USA), labeled acetyl LDL was added (DIL-Ac-LDL) for 4-h incubation in 1 incubator. The Dil-Ac-LDL solution was then removed for the fluorescence observation.
VECs canalization assay
We added 30 μl of pure Matrigel gel (BD, USA) into the wells of cold 96-well plates and incubated them at 37°C for 30 min for gel polymerization. The Hem EC was set as the experimental group, the fibroblasts were set as the negative control group, and the human umbilical venous endothelial cells (HUVECs) were set as the positive control group (CAS Cell Bank, China). All the cells were observed after incubation for 30 min, 1 h, 3 h, and 6 h at 37°C.
Immunofluorescence
The cell climbing slices of the groups were fixed with 4% paraformaldehyde for 10 min, followed by 10-min incubation with 0.25% TritonX-100/5% DMSO-PBS, PBS rinsing, 15-min 1.5% H 2 O 2 -PBS incubation at 37°C, and 30-min goat serum incubation. The primary antibodies rabbit anti-human Von Willebrand Factor (VWF, Santa Cruz, USA 1: 200) and mouse anti-human CD31 (1: 50) were then added together with PBS as the control for overnight incubation at 4°C. The secondary antibodies goat anti-rabbit IgG-Cy2 and goat anti-mouse IgG-FITC (1: 100) were then added for 30-min incubation at 37°C. Then, 1: 1000 DAPI was used to stain the cell nuclei, followed by oil-mounting, photographing, and observation.
miRNAs transfection
The tubes with the miRNA powders (analogs and inhibitor) were centrifuged at 2500 rpm for 1 min. We then added 125 μl of DEPC water into the 2.5 nm miRNA powder-containing centrifuge tube to form a 20-µM miRNA suspension. According to different culture plates, different amounts of miRNA together with the appropriate amount of RNAi-MAX transfection reagent were added into the serum-free opti-MEM medium (Gibco, USA), mixed evenly, and allowed to settle for 10-min. The miRNA mixture was then added to the RNAi-MAX mixture and then added to the culture system 30 min later. At 8 h after transfection, the control group was selected to observe whether the Fam-labeled miR-67 was transfected into the cells to determine whether the miR-67 transfection was successful.
Cell proliferation assay
The Hem EC single-cell suspension was seeded into 500 ng/ml fibronectin-coated 96-well plates (100 μl per well, 2×10 4 cells). Three wells were set as 1 group, with a total of 8 groups (2 plates for the reproduction): the groups with the analogs and inhibitor of MiR-206, miR-29a, and miR-455, respectively, as well as 1 blank control group and 1 fluorescence-miR-67 control group. The cells were incubated for 24 h before transfection and were assessed at 24 h after transfection. We added 10 μl of cck-8 solution into each well and incubated them at 37°C for 4 h. The culture was then terminated, and the absorbance of each well was measured at 460 nm using a full-wavelength scanning multifunctional reading instrument, and the second plate was assessed 48 h later in the same manner.
Apoptosis assay
At 48 h after transfection, the cells were collected for apoptosis assay. Cells were digested using EDTA-free 0.25% trypsin, followed by rinsing twice with PBS, 30-min incubation with 300 μl of the loading buffer (apoptotic kit) and 2.5 μl of AV reagent in the dark at room temperature. Then, cells were mixed with the PI reagent and subjected to flow cytometry.
Transwell cell invasion assay
The primary Hem EC cells cultured in 6-well plates were used for miRNA transfection. Basal-coating membrane (50 mg/L Matrigel, 1: 4) was used to coat the upper chamber surface of the basal membrane of the cold Transwell chamber, which was then kept at 37°C for 30 min to make the Matrigel gel polymerize. After transfection, the cells were digested and resuspended in 0.1% BSA-containing serum-free medium. The cell density was then adjusted to 2×10 5 /ml, and 200 μl of the cell suspension was added into the Transwell chamber together with 500 μl of 20% FBS-containing EGM-2MV medium added into the lower chamber of the 24-well plates (making sure no bubbles were generated between the lower culture medium and the chamber). The cells were then divided into 8 groups (the analogs and inhibitors of miR-206, miR-29a, and miR-455, respectively, the blank control group, and the fluorescence-miR-67 control group; each group contained 3 wells). After 12-h conventional culture, 4% formaldehyde was added to fix the cells for 30 min, followed by pure methanol fixation for 10 min, 40-min 0.1% crystal violet staining, and rinsing with water. Five visual fields were used for the cell counting.
Statistical analysis
The results were statistically analyzed using the SPSS19.0 for Windows software package. The measurement data were expressed as mean ± standard deviation (c _ ±s). The t test was used to compare the data between the 2 groups, and singlefactor analysis of variance was used for the comparison among multiple groups, with P<0.05 considered as a statistically significant difference.
Results
Expression of miR-206, miR-455, and miR-29a
The results revealed that miR-455, miR-206, and miR-29a in group PP were significantly lower than in group CR (internal reference U6, group CR as the control, P <0.05). The level of miR-29a in group RP was significantly lower than in group CR (P <0.05) (Figure 1 ).
Cells obtained
Microscopy revealed that the cells began to adhere the wall about 4 h later and showed polygonal morphology. The cell division and proliferation were obvious 24 h later, and exhibited the morphological characteristics of Hem EC (Figure 2 ).
The comparison of the growth curves of IH CD31-positive cells and HUVECs is shown in Figure 3 , which shows the IH CD31-positive cells had stronger proliferative capacity, and the difference was statistically significant (P<0.05).
HUVECs showed cell contact inhibition and stopped growth after they covered the bottom of the culture flask. The morphology of the cells was homogeneous; however, the Hem EC cells kept growing even after they covered the bottom of the culture flask. Cell morphology began to appear disorderly, and spindle cells began to increase due to intercellular compression (Figure 4 ).
Intracellular LDL uptake assay
After 4-h co-culturing with Dil-Ac-LDL, red punctiform fluorescence was observed in the cytoplasm of the IH CD31-positive cells, suggesting that the sorted cells had the role of phagocytizing LDL; therefore, they had the characteristics of VECs ( Figure 5 ).
VECs canalization assay
The results showed that the CD31-positive cells had canalization ability in the Matrigel, which showed cell deformation migration and canalization earlier than in the HUVECs. At 24 h after incubation in Matrigel, the CD-31 cells gradually exhibited cell aggregation, but the fibroblasts did not show canalization in Matrigel (Figure 6 ).
Surface markers
The results of immunofluorescent staining showed that the IH CD31-positive cells exhibited positive vWF immunofluorescence staining, and the vWF green fluorescence fully filled the cells, among which the fluorescence density was the highest around the nuclei. The fluorescence staining of cell membrane marker CD31 was positive, showing almost uniform distribution of red fluorescence ( Figure 7) .
A further experiment validated the purity of the cells, and determined that they could be used in the further cell experiment study. Early-generation cells were almost all positive cells, which gradually decreased with passaging, and the positive rate of the 6 th generation cells was about 40% (Figure 8 ), suggesting that the IH CD31-positive cells were the Hem EC, and had certain purity in certain generations.
miRNA transfection
The Fam-labeled miR-67 was used as the positive control to count the cells 8 h after Fam-miR-67 transfection; 93±2% of the cells showed green fluorescence (Figure 9 ), indicating that the transfection conditions were good and that the cell transfection rate met the requirements for further studies.
Cell proliferation assay
Compared with the control group, the numbers of cells transfected with miR-206 analog and miR-455 mimetic were significantly decreased 48 h after transfection, and the differences were statistically significant (P<0.05). The numbers of cells transfected with miR-206 inhibitor and miR455 inhibitor were slightly higher, but the differences were not significant (P>0.05). the numbers of the cells transfected with miR-29a analog and the inhibitor showed no significant change (Figure 10 ). The results suggested that increasing miR-206 and miR-455 significantly inhibits the proliferation of Hem EC cells.
Apoptosis assay
The Hem EC cells were harvested 48 h after transfection with miRNAs analogs or inhibitors and were compared with the negative control group (with blank transfection reagent). The results of flow cytometry showed that the apoptotic level of the cells transfected with the miR-206 analog and miR-29a analog was obvious (P<0.05), and the total apoptotic ratios were significantly different from the control group (P<0.05). The cells transfected with the miR-206 analog were mainly early apoptotic cells at 48 h after transfection (the apoptosis occurred late), but those transfected with miR-29a analog were mainly late apoptotic cells (the apoptosis occurred early), indicating that these 2 analogs had different pathways when triggering the apoptosis of Hem EC cells. There was no significant difference in the apoptotic ratio among other groups ( Figure 11 ).
Transwell cell invasion assay
A series of Transwell invasion assays was performed to detect changes in Hem EC cells after transfection with course-related miRNAs. The results showed that after 12-h chemotactic culture, the fibroblast group showed no cells in the lower Transwell chamber. Compared with the blank control group, the cells in the control group showed no significant difference (P>0.05), indicating that the transfection reagent had no significant effect on cell invasive ability. Compared with the control group, we found that the invasive ability was significantly decreased after the miR-206 analog was transfected, while the invasive ability was significantly increased after the miR-206 inhibitor was transfected (P<0.05). There was no significant between other transfection groups and the control group (P>0.05) ( Figure 12 ).
Discussion Sorting and identification of IH endothelial cells
In our study, we used dispase and collagenase to digest and prepare the single-cell suspension, followed by CD31-coated magnetic bead sorting to select the cells. The advantages of the culture are: the total number of cells can be increased significantly because large tissue masses have been digested; the cells can be obtained by short-term digestion, so the cycle is short; and the cells are sorted by magnetic beads, so the purity is high.
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Figure 4. (A) HUVECs and (B) IH CD40-positive cells (×100).
A B The identification of IH-derived VECs can be comprehensively performed from cell morphology, phenotype, or biochemical and functional aspects.
Cell morphology and growth performance
Most VECs are polygonal, flat, thin, and translucent, with clear nuclei; when the cells proliferate, they will grow in a "paving stone"-like mosaic arrangement. The primary Hem EC cells have a typical polygonal structure, which shows a "paving stone"-like cell growth structure and are more closely arranged than the HUVECs, and their contact inhibition is relatively poor, which is probably related to their stronger proliferation ability. The cells exhibit spindle-shaped structure when they fill the bottom of the culture flask and squeeze together, but HUVECs retain their polygonal structure, so they exhibit the phenomenon of cell floating. Hem EC was also observed to have a stronger proliferative capacity than HUVECs in our study.
LDL phagocytosis of VECs
VECs can specifically phagocytose LDL, and we found that the Hem EC cells possessed the same ability as HUVECs in phagocytosing Dil-Ac-LDL. 
Specific markers
VECs have a specific VII factor-associated antigen (also known as vWF), as well as a specific CD31 on their surface (also known as platelet endothelial cell adhesion molecule -1, PECAM-1), which are the specific markers of VECs. We used vWF and CD31 as the positive markers for the screening.
The cells exhibited a higher positive rate, but this decreased over time. We first suspected the possibility that the sorted cells were contaminated with fibroblasts, but after we eliminated the fibroblasts with differential attachment and trypsin digestion, this phenomenon still existed. We believe that this may be related to the differentiation of the Hem EC cells during the culture. 
Canalization assay
VECS have the characteristics of canalization in their basement membrane-like structure. In our study, the Matrigel gel was used as the medium, in which the cells can achieve cellcell junction and form a lumen-like structure by secreting matrix metalloproteinase and mutual chemotaxis, but other cells, such as fibroblasts, do not have this function. HUVECs can also form a regular lumen-like blood vessel cross-sectional structure in matrix glue, and we found that Hem ECs had stronger activity and earlier canalization phenomenon; however, the canals formed by Hem EC were less regular than with HUVECs, showing different-size lumens, obvious cell aggregation, and quick regression of the canals (showing further migration and aggregation of the cells, lumen disappearance, and cell cluster formation). This may be caused by the significant proliferation of the cells that increased the cell density, further shortened the distance among the cells, and finally formed the tumor-like structure. However, HUVECs exhibited stable and sustainable canalization ability lasting several days. In addition, it has been reported that, except for Hem EC, Hem SC also has good canalization characteristics, together with a stronger intercellular junction morphology [16] [17] [18] [19] [20] , but IH-derived pericytes probably have no significant canalization ability [21, 22] .
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Roles of microRNA in IH Studies of tumor diseases have revealed that miRNAs are closely related to the occurrence and development, metastasis, and cell transformation of tumors [23] . miR-424 has been found to be able to inhibit the expressions of MEK1 and Cyclin E1 through acting on their signaling pathways. Low levels of miR-424 in senile hemangiomas are likely to promote the abnormal proliferation of VECs through this signaling pathway [15, 24] . Through our studies using RT-PCR, we have found that miR-206, miR-29a, and miR-455 are differentially expressed in different biological samples, which may play important roles in the development of IH.
We found that the changes of miR-206 have significant effects on the Hem EC cells through the cell proliferation assay, apoptosis assay, and invasion assay, and that increasing the intracellular miR-206 level can significantly reduce the proliferative ability of Hem EC, increase the apoptosis, and decrease the invasive ability, which may play an important regulatory role in inhibiting the proliferation of IH cells, promoting the regression, and reducing the tumor expansion toward surroundings. Our results showed that increasing the miR-29a level in Hem EC can significantly increase apoptosis but have no significant effect on proliferation and cell invasion, indicating that miR29a may play an important role in the regression process of IH. Increasing the miR-455 level in Hem EC could inhibit proliferation while having no significant effect on apoptosis and cell invasion, suggesting that miR-455 may play an important regulatory role in the development and proliferation of IH. Therefore, miR-206, miR-29a, and miR-455 may play certain roles in promoting the progression of IH, but the specific mechanisms need further study.
Conclusions
MiR-29a, miR-206, and miR-455 are differentially expressed in the miRNAs expression spectrum at different IH stages. These differentially expressed miRNAs may be involved in regulating various IH-related functions. miR-29a may affect the disease course through altering the apoptosis of IH vascular endothelial cells, especially its post-transcriptional regulation of the spontaneous regression of IH. miR-206 may affect the disease course and play an important post-transcriptional regulatory role in the spontaneous regression of IH by altering the proliferation, apoptosis, and invasiveness of IH vascular endothelial cells.
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